I. Introduction
===============

The number of elderly patients with systemic basal disease requiring invasive dental treatment increases yearly. Elderly patients are often referred to the oral surgery department at our hospital because perioperative whole-body management can be performed safely. For example, it is easy to coordinate with the relevant specialties, the patient can be treated as an inpatient, and an emergency response can be performed, if necessary.

Dexmedetomidine (DEX)[@B1] exhibits analgesic and anxiolytic properties and causes mild respiratory depression. In Japan, DEX was recently cleared for use in non-intubated patients requiring sedation. Regarding the dose of DEX for elderly patients, the manufacturer\'s information only advises that the clinician should "take account of the deceleration of dosing speed and dose it in a careful manner while observing the physical status of the patient," and a clear standard is not available. Studies regarding DEX use in elderly, non-intubated patients are scarce. We have observed the onset of unpredictable, sudden hypotension in the earliest phase of DEX sedation but found that good sedative management was possible by reducing the dosage.

In this study, we aimed to determine an effective dose of DEX to induce adequate sedation in elderly patients undergoing invasive dental surgery under local anesthesia using retrospective data.

II. Materials and Methods
=========================

After the Ethics Board of Fukuoka University Hospital (Fukuoka, Japan) granted an exemption (No. 15-10-12) for this study, the case records of patients aged 70 years and older who underwent elective invasive dental surgery under local anesthesia using DEX sedation from September 2013 through July 2016 were retrospectively extracted. We included the medical records of 124 patients (age range, 70--96 years). The American Society of Anesthesiologists physical status (ASA PS) classification system is a widely used six-point scale to describe preoperative physical status. All patients in this study had at least one baseline disease for which the ASA PS classification ranged from Class 2 to 3. The patients were hospitalized on the day before surgery. On the day of treatment, the patient was admitted to an operating room where their vital signs, including noninvasive blood pressure, electrocardiography, heart rate, and peripheral oxygen saturation, were continuously monitored and an intravenous line was inserted. Oxygen was administered at 3 L/min through a nasal cannula. The DEX dosage (3 µg/kg/hr) was determined using body weight according to the manufacturer\'s guidelines. When the weight of the patient was higher than the standard weight, a dose based on the standard weight was used, and the initial loading dose was calculated by dividing the amount used by the actual body weight. When the patient was petite, we reduced the dose of DEX using low body weight as a guideline. Sedation depth was assessed using the Observer\'s Assessment of Alertness/Sedation (OAA/S) scale. OAA/S scores (1 to 5) and vital signs were recorded every 5 minutes. For the analysis, we examined patient characteristics, DEX dosage, type of operation, hemodynamics, and respiratory variables. Detailed examinations were conducted of patients who suffered complications that required perioperative rescue medication and of patients dissatisfied with their sedation. An additional investigation was then performed to assess DEX doses by age on the assumption that the remaining patients had been adequately controlled via sedation.

III. Results
============

Four patients were administered emergency drugs due to complications, and these cases are detailed in [Table 1](#T1){ref-type="table"}. Two patients exhibited severe bradycardia and required the administration of atropine sulfate (0.5 mg). Four patients became hypotensive and required the administration of a vasopressor agent during sedation. Two patients were dissatisfied with the sedation; they complained that they felt uncomfortable after surgery. We administered a maintenance dose of DEX for only 16 patients. One hundred and two patients aged 70 to 96 years were presumably appropriately controlled with only a single loading dose of DEX ([Table 2](#T2){ref-type="table"}). The number of patients aged 85 years or older was 18. The sedation depth of these patients was such that they reacted when spoken to but otherwise kept breathing as if they were asleep. The OAA/S scores for all patients during surgery ranged from 4 to 5. Most candidates had cardiovascular diseases or hypertension as a systemic underlying disease and many had complications from multiple underlying diseases. The renal function of most patients older than 75 years of age was mildly decreased (glomerular filtration rate \<60). We divided the patients into 5 groups by age in increments of 5 years and compared their mean blood pressures and heart rates. These patients\' perioperative general conditions were stable, and their primary diseases or other complications were not exacerbated. The mean blood pressure in all groups was higher just before treatment than at the time of hospital admission. ([Fig. 1](#F1){ref-type="fig"}) DEX was administered at an initial loading dose of 2.0 to 3.1 µg/kg/hr for 10 minutes.([Table 3](#T3){ref-type="table"}) The mean loading dose for DEX decreased by 0.3 to 0.4 µg/kg/hr with each increase in age group; however, there was no change in the loading dose between the 80- to 84-year group and the 85- to 89-year group. All patients had a slower heart rate ([Fig. 2](#F2){ref-type="fig"}), lower mean blood pressure ([Fig. 1](#F1){ref-type="fig"}), and cooperated more readily compared to their preoperative status. There were no notable changes in blood pressure in any group for the first 10 minutes after commencing DEX administration, but blood pressure decreased suddenly at approximately 15 to 20 minutes after DEX administration. The mean blood pressure was lowest in those aged 75 to 79 years; moreover, the decrease in blood pressure after DEX administration was substantial. Heart rate also tended to decrease starting after 10 minutes of DEX administration. No serious adverse effects were recorded.

IV. Discussion
==============

As the extents of anxiety and potential complications among elderly patients vary, it is essential to understand the physical status of the patient just before surgery in invasive treatment and to manage it during treatment by monitoring the patient. Moreover, an appropriate prediction of surgical invasiveness and the combined use of psychosedation are thought to contribute to the safe control of the whole body. In our clinical practice, we treated a patient with a history of hypertension whose preoperative blood pressure control was judged as good but whose blood pressure and heart rate increased just before surgery, which was thought to be caused by anxiety. In fact, the blood pressure of this specific patient was higher just before treatment than at the time of hospital admission. To perform safe treatments, it is necessary to provide intravenous sedation based on the reduction in function and reserve capacity of the organs due to aging.

DEX[@B1], an agonist of α~2~-adrenergic receptors in certain parts of the brain, is commonly used as a sedative. The most frequent adverse reactions to DEX are hypotension and bradycardia[@B2][@B3]. Elderly patients have several common physiological characteristics including decreased cardiac and respiratory function, reductions in drug clearance, diseases related to aging, other chronic diseases, and hypertension. Many reports indicate that sedation can help stabilize hemodynamics in elderly patients during invasive treatments[@B4][@B5][@B6]. Appropriate sedation contributes to a reduction in the patient\'s psychological and physiological stress. Difficulties associated with sedation in the elderly[@B7] include airway obstruction, respiratory depression, coughing due to inhaling secretions, and hypotension. Midazolam and propofol are the most commonly used sedatives. Midazolam[@B8] induces dose-related settling of the tongue root and respiratory depression, and propofol[@B4] produces inhibitory effects on the heart and cardiovascular system in addition to causing respiratory depression. On the other hand, DEX[@B2][@B3] has a wide range of pharmacological effects including sedative, analgesic, and anxiolytic properties, as well as hemodynamic stabilization effects that relieve sympathetic hyperactivity due to stress. In addition, DEX has cardioprotective effects, induces mild respiratory depression, and patients administered DEX were reported to have "maintained orientation to the environment." MacLaren et al.[@B9] reported that DEX may be associated with less delirium compared with other sedatives. Kunisawa et al.[@B10] reported that DEX was safely used for sedation in a very elderly patient. From these reports and our results, we believe that DEX contributes to the safe perioperative management of elderly patients, and we have started to use DEX as a sedative. We administered an initial loading dose of 6 µg/kg/hr to all patients when we began the use of DEX for sedation. No complications were noted in patients aged 20 to 40 years. However, in patients over 65 years of age, episodes of sudden bradycardia and hypotension occurred, necessitating the administration of emergency medications. To ensure the safe administration of drugs in the elderly, an initial dose smaller than that used for other adults should be utilized because their liver and kidney function have likely declined[@B11]. Therefore, the initial loading dose of DEX was reduced to 3 µg/kg/hr or less in elderly patients over 70 years old.

However, even at this lower dose, the decrease in blood pressure was massive in patients aged 75 to 79 years in comparison to patients in the other age groups. Therefore, we suggest a dose of less than 2.7 µg/kg/hr for those aged 75 to 79 years. This fact may be useful when designing prospective studies to determine the initial loading dose of DEX in the elderly.

We have observed cases in which local anesthesia rapidly increased the blood pressure or heart rate during sedation with midazolam. During sedation with DEX, however, there were no significant changes in hemodynamics even after administration of local anesthesia. This is likely because of the strong analgesic effect of DEX.

The sedation depth achieved by midazolam administration is adjusted according to blood pressure and sedation score (e.g., the Ramsey Sedation Score or OAA/S). In our cases involving DEX administration, blood pressure did not change just after administration commenced, but it began to decrease 15 to 20 minutes later. Therefore the dosage could not be adjusted using blood pressure as an indicator. In addition, the sedation score could not be used as an indicator because the patient was easily awakened by soft stimulation.

Ok et al.[@B12] reported that a loading dose of 6 µg/kg/hr of DEX was sufficient for spinal anesthesia surgery lasting less than 60 minutes. The half-life of DEX is increased according to the severity of liver dysfunction. Its metabolite is mainly excreted in the urine and could accumulate in patients with renal dysfunction. In addition, the liver and renal function values for our patients were lower than normal. Therefore our results suggest that it is possible to perform dental surgery approximately 60 minutes in duration in patients older than 70 years with an initial loading dose of DEX less than 3 µg/kg/hr for 10 minutes.

Kim et al.[@B13] reported that the single dose of DEX required for sedation was 21% lower in older men (65--78 years old) compared to younger men (45--64 years old) who underwent transurethral resection of the prostate with spinal anesthesia. Our results show that among patients who underwent dental surgery under local anesthesia, the single dose of DEX required for sedation was 22.5% lower in the group aged 80 years and older compared to the group aged 70 to 74 years. While there can be great individual variability in hemodynamic effects, an appropriate dose of DEX effectively enables the stabilization of hemodynamics in elderly patients.

V. Conclusion
=============

To sedate elderly patients aged 70 years or older, we recommend that the initial DEX loading dose should be 3 µg/kg/hr or less. Moreover, as the age increases, it is necessary to further reduce the initial loading dose from the dose calculated according to body weight.
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![A, B. Transitional changes in mean blood pressure. (Admit: admission time, Pre-sedation: walking into the operating room, DEX IV: immediately before administration of dexmedetomidine, 5 min: 5 minutes after the administration of dexmedetomidine, 10 min: 10 minutes after the administration of dexmedetomidine, LA: immediately after infiltration anesthesia, 15 min: 15 minutes after the administration of dexmedetomidine, 20 min: 20 minutes after the administration of dexmedetomidine, 30 min: 30 minutes after the administration of dexmedetomidine, Discharge: immediately before returning to the ward)](jkaoms-45-152-g001){#F1}

![A, B. Transitional changes in heart rate. Refer to [Fig. 1](#F1){ref-type="fig"} for the definition of the abbreviations.](jkaoms-45-152-g002){#F2}

###### Complications occurring during invasive oral surgery with dexmedetomidine (DEX) sedation

![](jkaoms-45-152-i001)

  Patient No.   Age (yr)   Sex   DEX loading dose (μg/kg/hr)   Complication                          BP (mmHg)   HR (bpm)   Emergency drugs administered
  ------------- ---------- ----- ----------------------------- ------------------------------------- ----------- ---------- --------------------------------------------
  1             73         M     3.0                           Persistent hypotension, bradycardia   78/52       40         Ephedrine 8 mg IV, atropine sulfate 0.5 mg
  2             70         F     3.0                           Persistent hypotension, bradycardia   80/49       43         Ephedrine 4 mg IV, atropine sulfate 0.5 mg
  3             85         F     5.0                           Persistent hypotension                80/48       62         Phenylephrine 0.2 mg IV
  4             86         F     4.5                           Persistent hypotension                78/59       68         Phenylephrine 0.2 mg IV

(M: male, F: female, BP: blood pressure, HR: heart rate, IV: intravenous administration)

###### Patient background

![](jkaoms-45-152-i002)

                                   Age group (yr)                                          
  -------------------------------- ---------------- ------------ ------------ ------------ -----------
  No. of patients (M/F)            20 (10/10)       32 (21/11)   32 (15/17)   11 (4/7)     7 (2/5)
  Height (cm)                      155.8±8.8        155.2±6.8    157.6±10.1   145.8±12.6   155.8±8.8
  Weight (kg)                      58.1±8.2         58.1±9.5     50.5±7.4     47.9±4.9     48.7±14.9
  Baseline disease (overlapping)                                                           
   Congestive heart failure        5                12           5            5            2
   Coronary artery disease         10               23           19           8            3
   Hypertension                    19               30           28           11           7
   Diabetes                        3                15           10           5            0
   Liver disease                   2                10           10           2            0
   Kidney dysfunction (GFR \<60)   12               29           31           9            5
   Any comorbidity                 0                0            0            0            0

(M: male, F: female, GFR: glomerular filtration rate)

Values are presented as number only or mean±standard deviation.

###### Operation and dosage amount of dexmedetomidine (DEX)
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                                   Age group (yr)                                     
  -------------------------------- ---------------- ----------- ---------- ---------- -----------
  Duration of surgery (min)        42.5±10.4        49.9±18.2   48.5±7.8   34.2±6.3   28.5±17.1
  DEX loading dose (µg/kg/hr)      3.1±1.8          2.7±1.3     2.4±0.6    2.4±0.7    2.0±0.3
  Operative method (overlapping)                                                      
   Teeth extraction                19               32          32         9          5
   Cystectomy                      8                3           2          0          1
   Other                           1                0           0          2          2

Values are presented as number only or mean±standard deviation.
